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TO THE EDITOR
Hereditary hypotrichosis/alopecia is a
heterogeneous group of inherited hair-
loss disorders with different clinical
features, modes of inheritance, and
genetic bases. It is characterized by
diffuse or localized thinning or absence
of hairs beginning at birth or early
childhood. The loss of hair affects the
scalp, or eyebrows, eyelashes, body
hairs, axillary, and pubic hairs. This
condition may occur either in isolation
or with associated ectodermal abnorm-
alities. Autosomal-dominant hypotri-
chosis of the ‘‘Marie Unna’’ type
(MUHH, MIM 146550) was first de-
scribed in a large German kindred in
1925 (Unna, 1925); other dominant
forms of hypotrichosis have since been
described (reviewed in Olsen, 1993)).
We have recently had the opportunity
to investigate a four-generation Chinese
family with autosomal-dominant loca-
lized alopecia.
Thirty-eight family members were
investigated, including 13 affected and
25 unaffected individuals. Blood sam-
ples were collected from eight affected
and eight unaffected individuals after
informed consent for DNA analysis.
The status of other living or deceased
members was assessed by descriptions
from individual II5 and III16. This study
was approved by the Anhui Medical
Institutional Review Board and con-
ducted according to the Declaration of
Helsinki Principles.
We performed a genome-wide scan
using 382 fluorescent microsatellite
markers from the autosomers with an
average marker density of 10 cM (ABI
Prism Linkage Mapping Set Version 2).
Ten additional microsatellite markers
were selected from Genethon linkage
maps (Dib et al., 1996). PCR conditions
were as published previously (Yang
et al., 2005). Products were separated
on an ABI PRISM 3730 automated
sequencer (Applied Biosystems, Foster
City, CA). Gene Mapper software (Ap-
plied Biosystems, Foster City, CA) was
used for size calculation of all the alleles.
An autosomal dominant inheritance
with 99.9% penetrance and a fre-
quency of 0.0001 for the disease allele
was assumed. Marker allele frequencies
were obtained from all individuals’
genotyping data. The recombination
frequency was assumed to be equal
for both sexes. Two-point linkage ana-
lysis was performed using Linkage
programs version 5.10 (Lathrop and
Lalouel, 1984). Haplotypes were con-
structed with Cyrillic Version 2.02 soft-
ware (Sobel and Lange, 1996; Table 1).
The pedigree is strongly suggestive
of an autosomal-dominant trait (Fig-
ure 1). All affected individuals were
born with partial absence of scalp hairs
that never grew thereafter. On exam-
ination, they were found to have
extremely sparse hairs in the frontal
Table 1. Two-point linkage analysis between the hereditary alopecia associated with freckling and the markers at
chromosome 2
Markers Location (cM) LOD score at h= Zmax hmax
0.00 0.10 0.20 0.30 0.40
D2S162 21.30 0.46 1.18 0.96 0.75 0.38 1.18 0.10
D2S287 22.40 1.47 0.32 0.40 0.29 0.14 0.40 0.20
D2S2278 25.00 2.38 1.85 1.31 0.76 0.27 2.38 0.00
D2S168 28.60 1.84 1.53 1.19 0.83 0.43 1.84 0.00
D2S2377 29.30 3.12 2.44 1.63 0.96 0.31 3.12 0.00
D2S2267 35.10 3.84 3.16 2.42 1.60 0.72 3.84 0.00
D2S312 36.50 2.52 1.94 1.35 0.72 0.22 2.52 0.00
D2S305 40.70 3.42 2.79 2.07 1.37 0.60 3.42 0.00
D2S2373 43.70 1.27 1.00 0.74 0.34 0.06 1.27 0.00
D2S2221 46.20 1.05 0.89 0.65 0.41 0.13 1.05 0.00
D2S165 50.70 0.44 1.24 0.87 0.75 0.35 1.24 0.10
LOD, logarithm of odds ratio.
LOD scores were calculated under an autosomal-dominant mode of inheritance, a penetrance of 100% at various recombination fractions. Genetic
coordinates in centimorgans according to the final Genethon human linkage map (Dib et al., 1996).
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and occipital areas (Figure 2a and c),
and complete absence of eyebrows and
eyelashes, except in individuals IV6
and IV12. However, body, axillary,
and pubic hairs were normal. There
was no evidence of other ectodermal
abnormalities. Affected individuals also
had facial freckling, a clinical charac-
teristic that has been described in 4%
of the Chinese population (http://www.
37c.com.cn/A2/200405/A20000438200
40521063051937.aspx) (Figure 2b). In
the proband, individual IV7, numerous
small keratinizing follicular papules
were distributed diffusely on his trunk,
consistent with keratosis pilaris. A punch
biopsy from the proband’s affected scalp
revealed strikingly decreased hair folli-
cles with no significant inflammatory
infiltrate (Figure 2e). Scanning electron
microscopy of hair plucked from an
involved area revealed a circular shaft
with normal imbricated scales, but a
longitudinal fracture in the hair shaft
(Figure 2d). This biopsy was obtained
from lesional scalp skin of an affected
young adult; no younger individuals
consented to undergo a scalp biopsy.
The genome-wide scan showed a
significant logarithm of odds ratio score
from the marker D2S305 (Zmax¼3.42,
y¼0.00). For fine mapping, 10 other
polymorphic microsatellite markers at
chromosome 2 were further typed. To
determine the most likely critical inter-
val containing the hereditary localized
alopecia locus, we reconstructed the
haplotypes for markers in this region
(Figure 1). The recombination events
in unaffected member III:15 place this
locus below D2S287 and individual
IV:12 places the lower boundary at
D2S165. These results suggest that the
gene responsible for this form of her-
editary localized alopecia in this family
lies in the 28.30 cM (about 19 Mb).
This report describes a rare variety
of hereditary localized alopecia. The
affected individuals showed some clini-
cal features different from those in the
previously described cases. The hair
loss involved only scalp hairs in the
frontal and occipital areas, and eye-
brows and eyelashes. Moreover, all
affected individuals and only family
members of the alopecia also had
freckling. The association of hypotri-
chosis and centro-facial lentigines has
been reported previously (Indelman
et al., 2003).
Remarkable progress in our under-
standing of genetic mechanisms under-
lying hereditary hypotrichosis has been
made in recent years. A number of loci
have been identified, including 8p21,
1p21, 18p11, 6p21, 3q26, 16q21, and
18q12. (Baumer et al., 2000; Betz et al.,
2000; Sreekumar et al., 2000; Indelman
et al., 2003; Kljuic et al., 2003; Aslam
et al., 2004; Yang et al., 2005). However,
only a small number of genes have


























































































































































































































































































































Figure 1. Haplotypes for chromosome 2 markers are shown for representative individuals in this pedigree. The recombination events in unaffected member
III:15 place this locus below D2S287 and in individual IV:12 place the lower boundary at D2S165. Black symbols denote affected individuals. The black
arrow indicates the proband of this family.
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produce human hair loss, for example
HR (Ahmad et al., 1998; Cichon et al.,
1998; Zlotogorski et al., 1998), WHN
(Frank et al., 1999), CDSN (Levy-
Nissenbaum et al., 2003), DSG4 gene
(Kljuic et al., 2003), and CDH3 (Spre-
cher et al., 2001). The products of these
genes are thought to play a crucial role
during hair growth and differentiation.
Linkage analysis shows that our case is
linked to a novel locus on chromosome
2p25.1–2p23.2. There are 154 genes in
this 28.3 cM interval, including 59
known and 95 unknown genes. None
of the 59 known genes seems to be a
reasonable candidate.
In conclusion, our study strongly
suggests that this family has a form of
hereditary localized alopecia that is
clinically and genetically distinct from
previously described cases. Future ef-
forts will be directed at identifying
candidate genes for this family in the
2p25.1–2p23.2 region.
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Frameshift Mutation in the Desmoglein 4 Gene Exhibits
Extensive Phenotypic Variability within a Pakistani Family
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TO THE EDITOR
A newly defined form of inherited hair
loss, named localized autosomal reces-
sive hypotrichosis (LAH, OMIM
607903), was recently described in the
literature and shown to be linked to
chromosome 18 by us and others (Kljuic
et al., 2003a; Rafique et al., 2003). We
first identified a large, intragenic dele-
tion in the desmoglein 4 gene (DSG4) as
the underlying mutation in two unre-
lated families of Pakistani origin (Kljuic
et al., 2003a). This mutation and others
have subsequently been found in other
Pakistani families around the world
(Moss et al., 2004; Rafiq et al., 2004;
John et al., 2006). Additionally, other
mutations have been identified in pa-
tients who have monilethrix hairs as
part of their phenotypic presentation
(Schaffer et al., 2006; Schweizer, 2006;
Shimomura et al., 2006; Zlotogorski
et al., 2006) that have begun to broaden
our understanding of the genotype–phe-
notype relationships within LAH. LAH
typically affects the scalp, trunk, and
extremities, largely sparing the facial,
pubic, and axillary hair. Typical hairs
are fragile and break easily, leaving
short sparse scalp hairs with a charac-
teristic appearance. Using comparative
genomics, we also demonstrated that
human LAH is allelic with the lanceo-
late hair (lah) mouse (Kljuic et al.,
2003a), as well as the lah rat phenotype
(Jahoda et al., 2004; Bazzi et al., 2004;
Meyer et al., 2004). In order to expand
the allelic series of mutations in the
DSG4 underlying LAH in humans, and
to gain an appreciation of the variation
in clinical phenotype among affected
individuals, we are performing molecu-
lar analysis of DSG4 in families from
around the world.
Here, we describe a large consan-
guineous family of Pakistani origin with
four males and two females affected
with LAH with varying degrees of
phenotypic severity (Figure 1a and b,
Figure S1a and b). All affected children
were born without hair and hairs were
ritually shaved at approximately 3
weeks of age. Subsequently, sparse,
coarse hair growth occurred and was
sometimes accompanied by itching,
redness, and roughness of the scalp.
Fragile hairs were present in all affected
individuals (Figure 1, Figure S1). All
children are otherwise healthy and
developing normally.
A comparison of the clinical findings
of the four male individuals revealed
marked variability within the family
that is not age-dependent in terms of
severity. Individuals V-4, V-1, V-6, and
VI-1 were 5, 7, 13, and 17 years of age
at the time of examination (Figure 1a,b,
Figure S1a and b, Figure 2a). V-4 and
V-1 display a relatively mild sparse hair
phenotype, with stiff, sparse, coarse,
brittle hair with sparing of the eyebrows
and lashes (Figure 1a). In contrast, VI-6,
17 years of age, presented with sparse
and brittle hair, follicular hyperkerato-
sis, erythema, and scaling affecting
particularly the scalp, as well as the
eyebrows and eyelashes (Figure 1b,
Figure S1b). Finally, individual V-6, 13
years of age, is almost completely
without hair, and exhibits the most
extreme phenotype within the family
(Figure 1b, Figure S1a). Plucked hair
fibers from affected individuals re-
vealed the presence of abnormally
broken hairs and tapered ends, as well
as occasional swellings in the hair shaft
(Figure 1c and d, Figure S1c and d). In
all affected individuals, the skin is
otherwise normal with no papular
lesions on the limbs, and no palmo-
plantar keratoderma. Sweating, teeth,
and nails are normal and no beaded
monilethrix hairs were observed in
Abbreviations: DSG4/DSG4, human desmoglein 4 gene/protein; LAH, localized autosomal recessive
hypotrichosis
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